Transcranial direct current stimulation (tDCS) is routinely used in basic and clinical research, 28 but its efficacy has been challenged on a methodological and statistical basis recently. The 29 arguments against tDCS derive from insufficient understanding of how this technique 30 interacts with brain processes physiologically. Because of its potential as a central tool in 31 neuroscience, it is important to clarify whether and how tDCS affects neuronal activity. Here, 32 we investigate influences of offline tDCS on network architecture measured by functional 33 magnetic resonance imaging. Our results reveal a tDCS-induced reorganisation of a 34 functionally-defined network that is dependent on whether we are exciting or inhibiting a 35 node within this network, confirming in a functioning brain, and in a bias free and 36 independent fashion that tDCS influences neuronal activity. Moreover, our results suggest that 37 network-specific connectivity has an important role in defining the effects of tDCS and the 38 relationship between brain states and behaviour. 39 40 42 neurosciences6,7,8,9 for decades. This is so because interfering techniques like tDCS that are 43 assumed to directly modulate neuronal activity are extremely promising for both basic and 44 applied research as they allow for addressing research questions on the causal relationships 45 between brain states and behaviour10,11,12. However, the efficacy of tDCS has been put into 46 question recently13,14,15,16,17 on a methodological and statistical basis. It is thus central to 47 have a closer look at the effects of tDCS on brain activity. Previously, we provided evidence 48 that offline tDCS locally affects neuronal responses in accordance with stimulation polarity 49 (i.e., inhibition or excitation) as measured by functional magnetic resonance imaging 50 (fMRI)5. Nevertheless, the global effect of tDCS on functional brain networks in humans is 51 still not well understood18,19, but is central for a better and more informative understanding 52 of the mechanisms of tDCS. Based on these previous findings and on the detailed work on 53 living macaques by Krause et al. (2017)20, here we decided to investigate, in humans, the 54 outcome of tDCS on the underlying functional architecture of the brain as measured by fMRI.
Introduction 41
Transcranial direct current stimulation1,2,3,4,5 (tDCS) has been widely used in the given in Table 1 . The location of the stimulation sites is shown either in green (Inferior Community Structure 146 Community structure has been identified as a sensitive marker for organisation in brain 147 networks42. Community structure analysis detects the groups of regions more densely 148 connected between them than expected by chance. The resulting group-level community 149 structure was visualised by assigning a different colour to each community (see Figure 2) . 150 This was then displayed by overlaying spheres coloured by community affiliation on the 151 ICBM-152 template as done in Figure 1 . While the within-module degree z score defines the role of a node in its own community, the 188 participation coefficient P is a feature of each node's connectivity relative to the community 189 structure of the entire network46. Nodes with a low value of P share connections with other 190 members of the same community, whereas those with a high P value serve as connectors Wilcoxon signed-rank test with α = 0.01 in CatSTS ≠ Ctrl (zwilcoxon = -0.85, p > 0.39).
Compared to both control experimental groups, more nodes in the AnoIPL experimental group jumped to region R3 while those of the CatIPL experimental group fell back 212 completely to region R2. Finally, we analysed the differences in z distributions as well. There the experimental group CatIPL where the module structure relaxes and so do the node roles.
225
They drop completely to region R2 (lower P values) having less edges between communities 226 than in both control experimental groups.
ideal model system because of their thick, dense skull and gyrencephalic cortex similar to 261 humans.
262
Finally, our data are highly consistent with the proposal that effects of tDCS depend on the 263 level of ongoing activation in the particular functionally-defined target network47when we 264 stimulated a node from another functionally-defined network (i.e., STS) we do not see any 265 tDCS stimulation effects on the tool network.
266
To conclude, our findings confirm that tDCS influences neuronal activity in humans in a tissue is alive and is engaged in processing incoming stimuli. Moreover, we also show that the 271 flow of information within a functionally-isolated network is altered in a polarity-specific way 272 and that this may be partially the locus of the causal relation between brain states and 273 behaviour.
275

Methods
276
Data Acquisition and Pre-processing 277 We performed a combined tDCS/fMRI experiment on ten healthy adults at a 3T
278
MAGNETOM Trio whole body MR scanner (Siemens Healthineers, Erlangen, Germany).
279
The study adhered to the Declaration of Helsinki and was approved by the Ethic Committee For analysis of functional brain networks, we extracted the overall mean time series from each 294 of 18 brain regions known to be part of the tool network29,34,35,49,50,51,52 (see Table 1 ) Here, we list the names of the brain areas, labels used in the text and centre coordinates (x,y,z) 627 in Talairach space of the regions of interests (ROI) of the tool network and the stimulation 628 sites. The anterior and posterior parts of the superior parietal lobe are bilateral ROIs.
